1. Introduction {#sec1}
===============

It is necessary to determine the molecular weight (mw) or the base pair (bp) length of nucleic acids in the field of molecular biology. This need encompasses weights or lengths of nucleic acids from sizes ranging from mega bps down to very short oligonucleotides of only a few bp\'s. Traditionally the base pair length of the nucleic acid has been obtained by comparing the behavior of a nucleic acid under analysis with the behavior of another nucleic acid of defined length and usually but not necessarily of known sequence. Such methods may be electrophoresis, gel filtration chromatography, ultracentrifugation and like methods well known to those in the art. Because of the simplicity of the equipment, ease of use and resolving power to the technique, electrophoresis is the technique most frequently employed to determine the size of nucleic acids.

Double stranded DNA standards were typically prepared from DNA of bacteriophages or plasmids \[[@B1], [@B2]\]. This process requires the propagation of the virus or plasmid in the appropriate host organism, the purification of the viral or plasmid DNA from the nucleic acids of the host, the digestion of the purified DNA with restriction endonucleases, and the purification of the resulting fragments from undigested DNA and the restriction enzyme. This process was labor, material, and equipment intensive, especially for preparation of large quantities of DNA. Restriction enzyme digested bacteriophage DNA such as Lambda was frequently employed as molecular weight markers. The array of fragment lengths in obtained bp\'s depended on the nature of the restriction enzyme, the DNA sequence composition, and the conditions employed. Each combination of restriction enzymes, DNA, and conditions provided a unique array of DNA fragments of defined lengths \[[@B3], [@B4]\].

The polymerase chain reaction (PCR) has been widely applied to the fields of molecular biology, genetics, biochemistry, genetic engineering, forensics, and the like. PCR is a simple, effectively and conveniently method and could prepare amount oligonucleotides in a very short time. However, preparing DNA ladder using common PCR was laborious. Different standard fragments were mixed according to some proportion, which were amplified and concentrated from many PCR products. So, different bands may be a standard to identify and evaluate the length of samples. However, most of DNA ladder had too many bands to be amplified by PCR, respectively, which led to great human resource, material resource, and wealth resource though which was industrialization, industry and sequencing. It is very important to find a new method to produce DNA ladder with a rapid, simple way to reduce costs and improve production. A new way for batch production will be described firstly in this study.

2. Materials and Methods {#sec2}
========================

2.1. PCR Primers {#sec2.1}
----------------

According to the lambda phage DNA sequence (GenBank accession no: J02459), the sequences from 6631--7630 bp were selected and covered. The 1 000 bp primer represents the region in length from 6631--7630, 900 bp primer from 6731--7630, 800 bp primer from 6831--7630, 700 bp primer from 6931--7630, 600 bp primer from 7031--7630, 500 bp primer from 7131--7630, 400 bp primer from 7231--7630, the 300 bp primer from 7331--7630, the 200 bp primer from 7431--7630, and the 100 bp primer from 7531--7630 of the lambda target sequence. Deoxyoligonucleotides were synthesized using phosphoramidite chemistry and were obtained from Shanghai Sangon Company, China. The primers were shown as in [Table 1](#tab1){ref-type="table"}.

2.2. PCR Amplification and Preparation of DNA Ladder {#sec2.2}
----------------------------------------------------

100--1000 bp fragments were amplified by multiplex PCR using ten primer pairs in one PCR tube with the same sense primer. The template DNA (15--35 ng) was added to a 25 *μ*l reaction mixture containing 50 mM KCl, 10 mM Tris-HCl(pH 8.3), 2.0 mM MgCl~2~, 75 pmol of sense primer, 5 pmol of each 100--500 bp antisense primer, 10 pmol of each 600--1000 bp anti-sense primer, 0.3 mM dNTPs, and 5 unit of Taq DNA polymerase. Taq DNA polymerase was added using hot start method. PCR was performed using a PxE (Thermo) thermocycler with a temperature profile of 35 cycles, which contained 2 cycles at 95°C for 30 s, 56°C for 30 s, and 72°C for 1 min, 2 cycles 95°C for 30 s, 54°C for 30 s and 72°C for 1 min, 2 cycles for every annealing temperature interval 2 temperature, until 44°C polishing 35 cycles. PCR products were detected by 2% agarose gel with 120 V voltages for 40 min.

5 *μ*l of each PCR reaction mixture was screened on 2% agarose gel electrophoresis and the length was estimated by comparing the known size DNA marker (Sangon), then was purified and sequenced by Sangon Company. The PCR products were extracted through phenol/chloroform and precipitated with ethanol, and then analyzed their UV absorbance under 260 nm. 5 *μ*l aliquot of the material was electrophoresed and no change in the band migration pattern or band intensities was observed following ethidium bromide staining. The marker was then frozen at −20°C.

3. Results and Discussion {#sec3}
=========================

All fragments of 100--1000 bp were amplified successfully with multiplex PCR way by optimizing process in the PCR reaction system and temperature profile ([Figure 1](#fig1){ref-type="fig"}). Finally, with the help of touch down PCR and hot start PCR technique, all the ten DNA fragments were obtained by multiplex PCR. At first, the same amount of ten primer pairs were added to a reaction system, and the annealing temperature profile from 58°C to 48°C for 30 cycles ([Figure 1(a)](#fig1){ref-type="fig"}), and the annealing temperature profile from 58°C to 48°C for 35 cycles ([Figure 1(b)](#fig1){ref-type="fig"}), 100--500 bp fragments were amplified by this method. Adjusting the amount of the ten anti-sense primers and the annealing temperature profile from 56°C to 46°C, most of target fragments were detected. ([Figure 1(c)](#fig1){ref-type="fig"}) Finally, raising the amount of 600--700 bp anti-sense primers and using the annealing temperature profile from 56°C to 44°C, all the target fragments were amplified and nonspecific fragments disappeared ([Figure 1(d)](#fig1){ref-type="fig"}).

PCR has become a widely used tool for detection, identification, and differentiation of pathogenic microorganisms in diagnosis of animal and human diseases or other studies \[[@B5]\]. More and more derived PCR techniques were devised for different study purpose, for instance, multiplex PCR technique, which has been widely used to detect and identify some unknown and possible pathogenic microorganisms in some diseases. Using several primer pairs, each having a particular specificity, in the same reaction added a multidimensional perspective to the diagnostic potential of PCR. Such a procedure allowed simultaneous detection of two or more different microbial agents in a single sample and the inclusion of internal controls. As multiplex PCR involved a far more complex reaction system than the normal simplex mode, so its performance was more difficult to predict and could be assessed only after extensive trials \[[@B5]\]. Thus, quite a number of currently used protocols could be further optimized to exclude nonspecific reactions. In the present paper, ten primer pairs was added to a reaction system to amplify ten different fragments. We optimized the reaction system and reaction to avoid nonspecific reactions and primer dimer, target sequences as defined by primer binding sites had been checked carefully in order to insure high specificity of detection. In addition, using hot start and touch down PCR method, adjusting the quantity of each primer and annealing temperature were available to improve the performance of the amplification reaction. The basic idea of hot-start PCR was to reduce nonspecific amplification in the initial phase by releasing active enzyme only immediately before the first primer binding step \[[@B6]\]. Another kind of PCR, touch down PCR could design a continuous and touchdown annealing temperature range to amplify some fragments \[[@B7]\]. This approach was designed to prevent primer dimer formation, mispriming, and spontaneous initiation of DNA strand synthesis \[[@B8]\]. Finally, with the undisputed success ten fragments based on the multiplex PCR with touch down PCR and hot start were amplified and detected clearly ([Figure 1](#fig1){ref-type="fig"}).

Compared with conventional methods for producing DNA Marker, multiplex PCR method could reduce costs and raise production in laboratory once. Undoubtedly the demand for multiplex PCR method is going to increase further purpose in future because of the potential to reduce costs, human and material resource, and raise throughput in the same time for batch production.
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![Illustrations of the PCR products for adjusting reaction system and temperature profile. 100--1000 bp fragments were amplified by multiplex PCR using 10 primer pairs in a PCR tube which have the same sense primer. (a) the annealing temperature profile from 58°C to 48°C for 30 cycles; (b) 100--500 bp fragments were amplified under the annealing temperature profile from 58°C to 46°C for 35 cycles. (c) Adjusting the amount of the ten anti-sense primers and the annealing temperature profile from 56°C to 46°C, most of target fragments were detected; (d) Raising the amount of 600--700 bp anti-sense primers and using the annealing temperature profile from 56°C to 44°C, all the target fragments were amplified and nonspecific fragments disappeared.](JNA2010-421803.001){#fig1}

###### 

Primers used in the experiment.

  Length (bp)   Primer                            Position
  ------------- --------------------------------- ----------
  1000          5′-GCGGCACGGAGTGGAGCAAG-3′        6631
  900           5′-GTTCGATCCGAAAGGCTGGGCGCT-3′    6731
  800           5′-AAAGACCTGGGCAAAGCGGTGT-3′      6831
  700           5′-TCCTGCCGCACAACACGATG-3′        6931
  600           5′-ACGCCTCTGCCCGTTACCCGAA-3′      7031
  500           5′-GATGAGTTCGTGTCCGTACAACTG-3′    7131
  400           5′-CCGCTCGCTGGGTGAACAA-3′         7231
  300           5′-ACGGATGAAACTGCCGGTCAGGACA-3′   7331
  200           5′-TGGATACGTCTGAACTGGTCACGGT-3′   7521
  100           5′-AACGGCGTTTCGTGTCTCTGCCGGT-3′   7531
  0:            5′-GTTATCGAAATCAGCCACAGGGC-3′     7630
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